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A NON-INVASIVE METHOD AND APPARTUS 
OF DETECTION OF ORGANISM TISSUES 



BACKGROUND OF THE INVENTION 

5 FIELD OF INVENTION 

The present invention relates to a method of body surface non-invasive 
detection of changes in molecular structures of organism tissues, and also relates 
to a dedicated apparatus for detecting changes in molecular structures of 
organism tissues. 

10 

DESCRIPTION OF PRIOR ART 

Survival for cancer patients depends largely on early detection. Thus, an 
important goal in cancer research is to develop accurate, quick, convenient and 
inexpensive methods to detect cancer early. Iconography methods, e.g. CT and 

15 MRI etc, to detect pathologic changes inside the human body via the "space- 
occupying effect" are now commonly used in clinics. A restriction of these 
methods is that a lesion cannot be detected before it has attained a large enough 
size (>1cm in diameter). Concerning endoscopic and biopsy methods, a 
disadvantage is that patients may suffer from the long, invasive sampling 

20 process. Therefore, alternative approaches for early diagnosis of cancer are 
needed. 

Infrared spectroscopy is a sensitive probe to reflect molecular structure. It is 

known that every substance has its own characteristic infrared spectrum, i.e. only 

absorbing infrared rays of some wavelengths but not other wavelengths, so the 

25 characteristic infrared absorption spectrum can be used for qualitative analysis of 

the substance. Moreover, the concentration of one component is proportion to the 

absorbance, so the characteristic infrared absorption spectmm can also be used 

for quantitative analysis of the substance. At present, infrared spectrometers are 

often used to measure absorbance (or transmittance) of substances to infrared 

30 radiations to study changes of molecular structure. Organism tissues comprise 

1 
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nucleic acid, poly-saccharide, protein, lipid and some other bio-molecules, and 
the compositions and structures of these biological molecules are different 
between normal cases and pathologic conditions. Based on this principle, 
someone has already used infrared spectmms to detect cancer cells, for 
5 example, first disclosed byijn Benedetti, Applied Spectroscopy, 1986, 40, 39. 
However, such detection also requires complex sample preparation techniques, 
and is time-consuming and invasive. Therefore, there is an urgent need for 
developing a non-invasive method capable of detecting pathologic changes of 
organism tissues at early stage. 

10 Fourier transform infrared spectroscopy (abbreviated as FT-IR) is a most 

widespread method. At present, Fourier transform infrared spectrometers are 
mainly made up of light source, optical measuring system, computer data 
processing system, computer interface and electronic circuit system, etc.. Among 
those, the optical measuring system is used for transmitting optical information 

15 and detecting and collecting data; the computer is used for processing data and 
controlling operation of the apparatus. Fourier transform infrared spectrometers 
can simultaneously transmit lights of all wavelengths to the detector, where the 
received signal is an interference pattern. After capturing the interference pattern, 
the computer converts it into a spectrogram by fast Fourier transfomi method. 

20 That is, the different absorption at every wavelength in the interference pattern is 
discriminated one by one (so-called Fourier transform is that sine or cosine 
functions in time domain and those in frequency domain are transformed to each 
other), (see Wu Jinguang, et al., "Modem Fourier Transform Infrared 
Spectroscopic Technologies And Applications", Science and Technology Press, 

25 1994). 

FT-IR spectrometers at present exhibit various types and models, such as 
research type, analytical type, general type and purpose-specific type, and the 
like. When whichever type of spectrometer is used to detect a sample, a certain 
amount of the sample to be tested needs to be taken out and then placed onto 
30 related attachments inside the sample chamber of the infrared spectrometer to be 
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measured. Sometimes the sample needs to be processed in advance in order to 
be suitable for measurements, for example, the biological sample is subject to 
homogenization process and the like. Such method is not only time-consuming, 
but also incapable of detecting organisms directly. Moreover, it will be an invasive 

5 way for the biologic sample measurement. Therefore, it is necessary to improve 
the Fourier transform infrared spectrometer to have, for example, a dedicated 
detection apparatus capable of sampling on the surface of organisms and then 
directly perfomriing measurements, so that it can be directly applied to detect 
organisms such as human bod ie s, that i s, it can p e rform d e t e ction d i rectly on 

10 body surfacQ, Therefore, it i s necessary that th e apparatus has stabl e bodies. To 
do this, since 1995. we have measured and studied various in vitro tumors, in 
vivo tumors during operations and p e rformanc e s, is conv e ni e nt to op e rate and 
easy to move, and has high e r signal - to - nois e ratio and d e t e ction s e ns i t i v i ty. I n 
addition, in order to d i r e ct l y d e t e ct organisms, i t i s n e c e ssary that parts of the 

15 apparatus in contact w i th subjects can b e conv e ni e nt for ropoating storilization, 
avoid i ng cross i nfections. human body surfaces of tumor regions using the 
technology of FTIR in connection with mid-infrared fiber optics (Spectroscopy and 
Spectral Analysis. Vol. 16. No.5. pp22-25. October 1996. and ibid. Vol.24, No.5, 
PP628-630. May 2004). It is found in researches that it is impossible to diagnose 

20 states of tumors only by one spectrum detection; also found that fibers of 
chalcogenide is too fragile and damageable, and fibers of silver halide have short 
lifetime, all of which are not suitable for clinic usage: and particularly found that 
infrared spectra of pathologic changes in some gland tumors (in vitro tumor 
tissues) have same variation regularities as those of corresponding regions non- 

25 invasivelv detected in vivo. Therefore, there exist needs for a method and 
apparatus and means thereof suitable for clinic usage, which can diagnose the 
property and the pathologic change degree of a tumor in a region by guicklv and 
non-invasivelv detecting the infrared spectrum of the corresponding human body 
surface. 

30 
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SUMMARY OF THE INVENTION 

The first aim of this invention is to establish a non-invasive method for the 
diagnosis of pathological changes, such as the development of cancer inside a 
human body, via the FT-IR spectroscopic variation obtained from the surface of a 
5 human body. 

In order to push this approach into extensive application, the second aim of 
this invention is to develop a dedicated apparatus suitable for cancer diagnosis 
via FT-IR spectroscopic measurement during clinical practice. 

The dedicated apparatus of the invention is a Fourier Transfomri infrared 
10 spectrometer with a set of additional accessories. The Fourier Transform infrared 
spectrometer has a measurement range between 4000cm"^ and 400cm'^ and is a 
compact/portable spectrometer^ which has been appropriately modified or newly 
designed as described below. Non-invasive detection directly performed on the 
body surface of organisms is designated "in vivo". 
15 The additional accessories of said dedicated apparatus include a mid-IR 

fiber optics (abbreviated as fiber) sampling attachment, a fiber coupling part, and 
an infrared detector part as explained below. 

1. The fiber sampling attachment is comprised of an incident mid-infrared 
fiber, an exiting fiber, and an Attenuated Total Reflection (ATR) probe. The 
20 incident fiber and exiting fiber are connected by the ATR probe. 

The infrared fibers are solid fibers or hollow fibers with a metal coating layer 
on the internal surface. The diameter of each fiber is 1-3 mm, and their lengths 
can be arbitrarily set according to clinical requirement. Materials in the solid fibers 
for transmission of mid-infrared light may be halide, sulfide or mixtures thereof. 
25 The spectral range is between 700cm"^ and 4000 cm"''. 

The ATR probe with a diameter of 3-10 mm may have a tapered shape or 
be cylindered shape with an inclined section. Materials for the probe may be 
ZnSe, Ge, ZnS, Si, halide, and sulfide. 

To ensure that repeated sterilization of the probe will not affect the 
30 performance of the fiber sampling attachment, a sealed design is adopted. That 
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is, a protective layer made of steel, organic or/and inorganic polymer materials 
(e.g. silicon resin, plastic etc.) isare used to shield the optical fiber and the ATR 
probe. 

Based on the principle of attenuated total reflection, the fiber ATR probe 
5 contacts the surface of a human body, such as on the body surface of a 
mammary or parotid gland of a patient, so that FT-IR spectra can be recorded. 

2. The fiber coupling part is comprised of an abaxial parabolic mirror and a 
precise fine-tuning mechanism. It serves to converge the parallel infrared light 
from the infrared spectrometer into a point with 1-3 mm in diameter so that the 

10 light can be coupled into the incident fiber of the fiber sampling attachment 
effectively. 

There are 2 pieces of abaxial parabolic mirrors. 

The precise fine-tuning mechanism is a screw position adjuster for adjusting 
the position of the parabolic mirrors to focus the lights precisely into the optical 
15 fiber. 

3. The infrared detector part is comprised of an abaxial parabolic mirror, a 
detector and a 3-dimensional tuning holder. 

Among these, the detector can be a liquid nitrogen or electrically cooled 
MCT detector (tellurium-cadmium-mercury), pyroelectric detector (such as TGS, 
20 DTGS, or DLATGS), or photo detector (such as InSb); all of them are available on 
the market. 

The abaxial parabolic mirror converges the parallel light onto the detector. 
The 3-dimensional tuning holder serves to adjust the infrared light onto the 
detector thereby maximizing the light energy accepted by the detector so that 
25 satisfactory FT-IR spectra with high signal-to-noise ratio(S/N) can be obtained. 

The fiber coupling part is placed between an interferometer and the infrared 
detector. All of them are fixed on an optical table, and the fiber sampling 
attachment is fixed on the fiber coupling part. The fiber sampling attachment 
together with the interferometer and the infrared light source constitute an 
30 integrated Fourier Transform infrared spectrometer light path system. 
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These additional accessories of tlie Fourier Transform infrared spectrometer 
described above can be manufactured by optical processes and mechanical 
processes such as milling. Except for those specially mentioned above, materials, 
structure, and processing involved in procuring the additional accessories are 
5 common and familiar to professionals in the field of instrumental manufacture. 

The novel Fourier Transform infrared spectrometer with additional 
accessories adopts an integrative design in appearance. The additional 
accessories can be positioned on the left (see Fig.1, 2), the right (see Fig.3, 4) or 
the middle (see Fig. 5) of the Fourier Transform infrared spectrometer, which can 

10 be flexibly determined according to actual requirements. 

The volume of the novel apparatus and the an-angement of the internal 
parts can vary. This will not influence the perfomiance and application of the 
apparatus. However, since the apparatus will be applied in various locations in 
practical use, it preferably will be as compact and miniaturized as possible. To 

15 ensure reliability of the apparatus, the instrument should not have too many 
internal movable parts. 

Considering that the both optical materials in the infrared spectrometer and 
the obtained spectra are sensitive to moisture, in addition to designing a 
mechanically sealed interferometer, materials with high humidity resistance such 

20 as ZnSe are used to seal the parts in the light path. These parts include the light 
source, the fiber coupling part and the detector. The sealed apparatus can not 
only protect the optical parts and the precise rails from dust and humid air as 
wells as prolong the lifetime of the apparatus, but also can ensure the relative 
stability under ambient conditions, reduce the influence of the moisture on 

25 measured results, and improve the S/N of the obtained spectra. The only 
remaining standard connector left outside the spectrometer is for connecting to 
the fiber sampling attachment. In practical use, the fiber sampling attachment can 
be connected to the connector conveniently. 

The measuring procedure is as follows: IR light from light source is 

30 conducted out of the spectrometer through the incident optical fiber and passes 
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through the ZnSe ATR probe where the FT-IR spectra of samples are obtained. 
Then the IR light goes back to spectrometer through the exiting optical fiber. 

The infrared light emitted from the infrared light source forms infrared 
interference light after passing through the interferometer. The infrared 
5 interference light enters into the incident fiber of the fiber sampling attachment 
through the fiber coupling part, which then enters into the (fiber) ATR probe. The 
fiber ATR probe directly contacts the region to be tested (such as body surface 
regions of a mammary, parotid, or thyroid gland) for sampling. After sampling, the 
infrared interference light with infrared spectral information enters into the exiting 

10 fiber of the fiber sampling part, goes back to the fiber coupling part, and enters 
into the detector part through a planar reflector. The detector converts the infrared 
interference signals into electric signals which then are converted into digital 
signals by A/D conversion. Finally, the spectrogram (spectrum data) with infrared 
spectral information about the body tissue tested is obtained by data processing 

15 and fast Fourier Transform. If the detection information is processed in connection 
with dedicated computer software, it is possible to instantly diagnose whether the 
tested tissue has pathologic changes or not by using output devices such as 
portable computers. 

Detection according to the inventive method is comprised of the following 

20 steps: 

First, scanning and detecting the ambient air background by the ATR probe; 
then, placing the probe on the region of the testee's skin surface to be tested. The 
probe must be in tight contact with the skin to scan. The required resolution of the 
apparatus is 4 cm"'' or 8 cm"\ and the number of scans may be more than one. A 

25 spectrum that has been compared with the background is obtained, where the 
range of the spectrum is 800-4000 cm"''. It only takes about 2 minutes to complete 
the entire detection process. 

The number of scans depends on actual need. The higher the number of 
scans, the higher the signal-to-noise ratio (S/N) and the more accurate the 

30 results, but this results in a longer time for spectral acquisition. Generally, it is 
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suitable to scan 32 times. 

The establishment and judgment of the criteria about whether or not a 
tissue has pathologic changes is statistically determined on the basis of 
accumulation of infrared spectral data of tissue with respect to a certain number 
5 of healthy persons and patients. For example, by statistical analysis on spectral 
data of a gland of a number of healthy persons and patients, it is possible to 
determine the criteria with respect to normal and pathologic spectrum data of the 
gland and classify the degrees of the pathologic changes. Even though the 
infrared spectrum of the same pathologic change presents some regular 

10 variations among different testees, significant variations among individuals are 
not present. Moreover, although measurement is carried out on the skin surface, 
the thickness variation of subcutaneous fat among patients does not substantially 
affect detection results. Accordingly, these regular variations can be databased 
into computer software to process the detection information. For example, it is 

15 possible to program database processing software for cases and pathologic 
changes such as hyperplasia of mammary glands to directly give the diagnostic 
results. 

In practical operation, usually this method only requires testing of regions 
suspected to have pathologic changes, and the resulting spectral data obtained 

20 from testing is compared with the established standard spectrum data criteria. It is 
also possible to differentiate between healthy regions and regions suspected to 
have pathologic changes for the same subject. For example, when testing the 
thyroid gland, it is possible to compare the infrared spectra of skin on both sides 
of the gland. The measured results of the other normal side function as a 

25 comparison, and are compared with the established gland spectrum data criteria 
to determine whether the gland has pathologic changes or not and the degree of 
the pathologic changes. Generally speaking, the higher the degree of the 
pathologic change, the more notable the relative variation of characteristic peak 
intensity. 

30 The inventive method is applicable to detecting molecular changes in 
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Structures of living biological tissues, and therefore is capable of diagnosing 
pathologic changes in tissues at the early stages of cancer. These pathologic 
changes include tissue hyperplasia, fibroadenoma, malignant tumors and the like. 
The method is particularly suitable to early diagnosis of pathologic changes in 

5 gland regions, such as the mammary gland, the parotid gland and the thyroid 
gland. In reference to tissue hyperplasia, all of low, intermediate, and high 
degrees of pathologic changes can be detected. Detection of pathologic changes 
in gland tissues can infer the presence of cysts and malignant tumors, and 
additionally testees will not feel uncomfortable during testing. 

10 The operation of the method is simple, quick, accurate, and it doesn't harm 



The method is a non-invasive detection method for diagnosing whether or 
not lumps under body surface skin are cancerous by using infrared spectra, and it 
only takes 2-3 minutes to obtain spectnjm data. Since the peak positions, peak 

15 widths, band shapes and relative intensities of spectra for tumor patients are 
different from those of healthy persons, by studying and analyzing a number of 
body surface spectrum data, the regularity of variations and the judgment criteria 
for diagnosis can be obtained. The method is applicable to early diagnosis of 
some tissue cancerations. 

20 1 . The spectral range detected typically is 800-4000 cm'\ 



the body. 



2. 



It is applicable to body surface detection of a plurality of subcutaneous 
tissue or gland tumors, for example, parotid gland tissues, submaxillary 
gland tissues, thyroid gland tissues, mammary gland tissues and the 



like. 



25 



3. 



It is applicable to testing of lumps or detection of pathologic changes on 



the skin surface. 



4. 



5. 




30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 and 2 are diagrams illustrating the arrangement and light path of a 
Fourier Transform infrared spectrometer provided with an additional accessory on 
the left. 

5 Fig.3 and 4 are diagrams illustrating the arrangement and light path of a 

Fourier Transform infrared spectrometer provided with an additional accessory on 
the right. 

Fig.5 is a diagram illustrating the arrangement of a Fourier Transform 
infrared spectrometer provided with an additional accessory in the middle. 
10 Numbers 1-5 denote parts of the additional accessories developed as part 

of the inventive method, wherein, 1 denotes infrared fibers, 2 denotes an ATR 
probe, 3 denotes an infrared detector, 4 denotes a planar reflector, and 5 denotes 
abaxial parabolic mirrors. 

Numbers 6-10 denote parts originally belonging to the Fourier Transform 
15 infrared spectrometer without the additional accessories, wherein, 6 denotes a 
fixed mirror, 7 denotes a movable mirror, 8 denotes a splitter, 9 denotes a 
convergence mirror, and 10 denotes a laser. 

Number 11 denotes an infrared light source. 

Fig.6 and 7 show the ATR probe of cylindered shape with inclined section; 
20 Fig.8 and 9 show the ATR probe of tapered shape. Number 12 denotes fiber 
connectors, 13 denotes the shell of the probe, and 14 denotes the probe made of 
crystalline materials. 

Fig. 10 is a flowchart showing a method for diagnosing tumors according to 
the inventive method. 

25 Fig. 11 is a diagram showing example FTIR spectra of (a) a normal 

mammary gland, (b) a fibroadenoma and (c) a malignant tumor detected in vivo. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiment 1 : diagnosis of pathologic changes in mammary glands. 
30 Apparatus being used: a dedicated sealed mid-infrared spectrometer, 

10 
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manufactured by Beijing No.2 Optical Instruments Factory, provided with mid- 
infrared fibers, an ATR probe and a MCT (tellurium-cadmium-mercury) detector 
cooled by liquid Nitrogen. 
Detection method: 

5 1 . Switching on and adjusting to maximize the output energy of the fiber in 

which the energy coefficient at 2450 cm''' is about 56 (Gain=4). 

2. Cleaning the skin of the mammary gland region to be tested with alcohol 
or water, then placing the ATR probe on the skin of the region to be tested (for 
patients with mastalgia or touchable lumps, the ATR probe should be placed on 

10 the skin outside the pathologic region), scanning and detecting 32 times and 
based on variations (variations relative to characteristic peaks of normal 
mammary glands) in characteristic peaks (band of 1000 cm"^-1800 cm'^ and band 
of 2800 cm"^-3000 cm '') detection of pathologic changes in the mammary gland 
as seen in comparison with the standard spectrum criteria (as shown in Fig. 11), 

15 then diagnosing the degree of the pathologic changes, such as hyperplasia of 
mammary glands and tumors, and focusing the emphasis of observation on the 
wave number range of 1400-1490 cm"^ to see if there exist distinct differences. 
For example, variations in peak shape and intensity at -1460 cm \ --1400 cm"^ 
can give relevant infornniation for diagnosis. 

20 The characteristic peaks of normal mammary glands are determined based 

on the testing of a number of healthy mammary glands. 

3. In operation, typical clinical methods can be combined with the inventive 
method, such as detection by hand of a physician. In addition, diagnosis is 
determined based on the area of the pathologic changes. 

25 

Embodiment 2: diagnosis of pathologic changes in thyroid glands. 
In accordance with the method and detection conditions described above as 
Embodiment 1, the ATR probe is placed on the cleaned surface of the skin 
outside the thyroid gland on one side. Based on the general regularities of 
30 variations in healthy and pathologic spectra concluded from the detection results 



FP060026US - Orig i nal Fi le d A mendments For National Phase (US) 

of a number of patients, and on the differences between spectra in the region of 
2800-3800 cm"^ and 1000-1800 cm"\ it is possible to diagnose the property and 
the degree of the pathologic change of the thyroid gland from a spectrum. For 
example, variations (relative to characteristic peaks of normal thyroid glands) in 
5 peak shape and intensity in 2800-3000 cm"\ 1400 cm'''-1500cm"'* (mainly 
observing the band of 1200-1580 cm"^) can provide relevant information, which 
can be inferred by comparison with the standard spectrum data. 

Embodiment 3: diagnosis of pathologic changes in parotid glands. 
In accordance with the method and detection conditions described above as 
Embodiment 1, the ATR probe is placed on the cleaned surface skin outside the 
parotid glands on both sides (wherein, usually one side is the side with suspected 
cancerous lumps and the detection results of the other side are used for 
comparison). As result of comparison, it can be found that there is asymmetry 
between the spectra on the two sides of a patient with lumps in parotid gland. 
Based on the general regularities of variations in normal and pathologic spectra 
concluded from the detection results of a number of patients of different ages and 
genders, the sensitivity of response in the spectmm is high in the region of 1000- 
1800 cm"\ It is possible to observe whether the parotid tumor is benign or 
malignant and the degree of deterioration particularly in the range of 1300-1650 
cm'\ The variations (relative to characteristic peaks of normal parotid gland) in 
the region of 1200-1580 cm"'' are mainly observed, and they are compared with 
the standard spectral data to diagnose the degree of the pathological changes. 

25 Next, the method of the invention is described in connection with the 

flowchart as shown in Fig. 10. 

First, operating parameters of the apparatus are set. Said operating 

parameters include scanning rate, the number of scans, the resolution of the 

apparatus, and spectral range. 
30 Then, an air background is scanned to obtain a background spectrum. The 

12 
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skin of the region to be tested is cleaned with alcohol and water, and after the 
alcohol and the water volatilize, the ATR probe is placed in tight contact with the 
skin of the region to be tested. 

Then, the testing is carried out. The skin spectrum is scanned with a 
5 resolution of 2, 4, or 8 cm"''. However, it Is to be understood that the resolution 
can be arbitrarily adjusted as desired. 

The resulting spectrum is compared with the healthy and tumor spectra in a 
database and analyzed. Fig. 11 shows examples of FTIR spectra of (a) a normal 
mammary gland, (b) a fibroadenoma and (c) a malignant tumor detected in vivo. 
10 Finally, diagnose the pathologic change of the corresponding gland. 

Although the present Invention is described above in detail with reference to 
the embodiments thereof, it is to be understood that the above embodiments are 
only for illustrating the invention, and they not intended to restrict the invention. 
For example, said organism tissue can be the gallbladder, stomach, liver, etc. and 
15 the spectrum ranges could be 2800-3800 cm"'' and 1000-1800 cm"\ 
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What is claimed is: 

1 . A dedicated apparatus for detecting changes in molecular structure of 
human body surface tissue and diagnosing the properties and the degree of 
5 pathologic change of a gland tumor in a corresponding region. This apparatus is 
comprised of: 

(1) a Fourier Transform mid-infrared spectrometer used in coniunction with 
a mid-infrared fiber optics sampling attachment to conveniently acguire infrared 
spectral data of human body surface tissue. This data is processed by a data 

10 processor of its own and compared with a tumor database to diagnose the 
properties and the degree of pathologic change of the tested gland tumor; 

(2) a fiber sampling attachment, connected to a fiber coupling part, wherein 
an ATR probe is able to acguire an subcutaneous infrared spectrum of the tumor 
at the body surface when placed on the body surface and in tight contact with it: 

15 var i ations in mol e cu l ar structur e s of organ i sm t i ssues, charact e riz e d i n that 

it compris e s a Fourier transform ^) a fiber coupling part, placed between the 
Fourier Transform infrared spectrometer and a s e t of add i tiona l acc e ssori e s, and 
said add i t i ona l acc e ssor i es inc l ud e s mid -I R f i b e r opt i cs (d e not e d as f i ber) 
samp li ng attachm e nt, a an infrared detector part. The fiber sampling attachment is 

20 fixed onto the fiber coupling part, and the fiber coupling part is comprised of two 
pieces of abaxial parabolic mirrors and a precise fine-tuning mechanism. This 
device makes the parallel light from an interferometer converge into a point with 
1-3 mm, allowing it to effectively be coupled into an incident fiber of the fiber 
sampling attachment and for the light from an exiting fiber to effectively be 

25 coupled into the light path system. The precise fine-tuning mechanism is used for 
adjusting the position of the parabolic mirrors to precisely focus the infrared light: 

(4) an infrared detector part, said add i t i onal accessori e s is dispos e d on th e 
left, r i ght or m i dd le of th e Four ie r transform infrar e d sp e ctrom e t e r comprising an 
abaxial parabolic mirror, a detector and a 3-dimensional tuning holder for 

30 maximizing the collection of information acguired by the ATR probe. 

14 
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2. The dedicated apparatus as c l a i mi, wh e r ei n sa i d f i b e r samp li ng 
attachment compris e s a mid -i nfrar e d i nc i d e nt fib e r, a mid i nfrar e d e xit i ng fib e r and 
a fib e r ATR prob e , the incident fib e r and th e e x i t i ng fib e r ar e conn e ct e d to th e 

5 fib e r ATR prob e : th e f i ber coupling part compris e s an abaxial described in claim 
1. wherein the Fourier Transform mid-infrared spectrometer uses ZnSe as the 
infrared window material. 

parabolic m i rror and a prociso f i no tuning mochan i sm; and the infrared 
det e ctor part comprisos an abaxial parabo li c m i rror, a d e tector and a 3 
10 dimensional tuning ho l d e r. 

3. The dedicated apparatus as claim 1 or 2, wh e r ei n th e fib e r coup li ng part 
i s plac e d betw ee n an i nt e rferom e t e r part of th e Fourier transform infrar e d 
sp e ctrom e t e r and the infrared d e t e ctor part, all of them ar e fixed on an optical 

15 tab l e, and tho f i ber sampl i ng attachm e nt is fixed on tho fibe rd escribed in claim 1, 
wherein a tumor database stores spectral data criterion for diagnosinq whether a 
gland tissue has pathologic changes or not. This database is established based 
on statistical analysis on infrared spectrum data of the tissue of a certain coup li ng 
part, al l th e se parts together with tho i ntorforom e t e r part and an i nfrared li ght 

20 sourc e const i tut e an i ntegrat e d Fouri e r transform infrar e d spectrom o tor light path 
syst e m. number of healthy persons and patients. 

4. The dedicated apparatus as c l a i m 1 or 2, wh e r ei n a prot e ction lay e r of 
st e el, s i l i con r e s i n or organ i c macromo le cul e p l astic is p l ac e d on the outsid e wal l 

25 of tho fiber and tho fiber ATR probo. 

described in claim 1 , wherein the fiber sampling attachment is comprised of 
a mid-infrared incident fiber a mid-infrared exiting fiber and a ZnSe or Ge ATR 
probe. The incident fiber and the exiting fiber are hollow fibers with a metal 
coating on the inside walls, and the ATR probe is of a tapered shape or 

30 cylindered shape with an inclined section. 

15 
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5. The dedicated apparatus as claim 2, wh e r ei n th e structur e of tho f i ber 
AfR — prob e — is — of — taporod — shape — of — cy l inderod — shap e — with — i nc l inod 
seetieft rdescribed in claim 1, wherein the fibers used in the fiber sampling 

5 attachment have a diameter of 1-3 mm, and a transmitting range of 700-4000 cm" 

6. The dedicated apparatus as claim 2, whore i n tho m i d i nfrared i nc i dent 

f i b e r and th e e x i t i ng f i b e r a r e so li d fib e rs mad e up of mat e ria l s capable of 
10 transmitting i nfrar e d light or ho l low f i bers with a m e ta l coat i ng. 

described in claim 1, wherein for diagnosis of pathologic changes in the 
mammary glands, the band widths, peak positions, peak intensities/peak areas, 
and relative intensity variations of the peaks in the region of 1000 cm"^ -1800 cm'^ 
and 2800 cm^^-3000 cm'^ are detected, 

15 

7. The dedicated apparatus as claim 2, wh e r e in th e light path part is s e a l ed 
i n who le , and th e f i b e r sampl i ng attachm e nt and th e oth e r parts of th e ded i cated 
apparatus can be conn e ct e d or disconn e ct e d by conn e ctors outs i d e the 
apparatus. described in claim 6, wherein for diagnosis of pathologic changes in 

20 the mammary glands, the band widths, peak positions, peak intensities/peak 
areas, and relative intensity variations of the peaks in the region of 1400 cm"^ - 
1490 cm"^ are detected. 

8. A m e thod for d e t e ct i ng v a r i at i ons in mo le cular structur e of organism 
25 t i ssu e s, compr i sing op e rativ e st e ps as follows: us i ng the d e dicat e d appar a tus as 

claim 1, plac i ng the f i ber ATR probe on the sk i n surface of a reg i on to be tosted, 
and scann i ng mor e than on e tim e s, wher e in the reso l ut i on of th e apparatus i s 1 
32 cm^, pr e f e rably A cm^ or 8 cm"^, and th e rang e of th e sp e ctrum i s 800 4 000 

V?l 11 
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9. Tho mothod as claim 8, whoro i n tho organ i sm tissu e is tho mammary 
g l and, and th e rang e of th e sp e ctrum is 800 ^000 cm "^T 

10. Th e m e thod as cl ai m 8, wh e r e in th e organ i sm tissu e is th e thyroid 
5 gland, and th o range of tho spectrum is 2800 3800 cm"^ and 1000 1800 cm' ^T 

11. Tho mothod as claim 8, whor oi n tho organism t i ssue is tho parotid 
g l and, and tho range of th e sp e ctrum i s 800 ' lOOO cm" ^7 

10 12. Th e method as c l a i m 8, wher e in th e organism t i ssu e s ar e th e 

ga ll b l add e r, stomach or l ivor, and tho range of tho spectrum is 2800 3800 cm^ 
and 1000 1800cm' ^T 

13. A m e thod for diagnosing patho l og i c changes of t i ssu e s i n human body 
15 by d e t e ct i ng tho var i ation in mo l ecu l ar structures of tho organ i sm t i ssues, 
character i z e d in d e tect i ng surfac e t i ssu e s of a human body by m e ans of a mid 
i nfrar e d sp e ctrom e t e r and a mid -i nfrar e d f i b e r ATR prob e , and diagnos i ng th e 
degre e of patho l ogic changes in th e organism t i ssue according to crit e r i a 
conc l uded basod on var i at i ons i n p e ak posit i on, peak intens i ty and peak shape 
20 (p e ak ar ea ) of charact e rist i c absorption b a nds of th e organ i sm t i ssu e in th e rang e 
of 800 - 1800 cm " ^ and 2800 - 3800 cm " ^, the m e thod compris i ng st e ps of: using th e 
d e d i cat e d apparatus as c l a i m 1, p l ac i ng th e f i b e r ATR prob e on th e sk i n surfac e 
of a reg i on to be tested, and scann i ng more than one t i mes, wh e r e in th e 
r e so l ut i on of th e apparatus i s 1 cm "^- 32 cm " ^, and the range of th e sp e ctrum i s 
25 800 ^000 cm' ^ rThe dedicated apparatus as described In claim 7, wherein for 
diagnosis of pathologic changes in the mammary glands, variations in band 
widths, peak positions, and peak intensities/peak areas of 1460 cm"^ and 1400 
cm"^ are detected. 
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of pathologic changes in the thyroid glands, the band widths, peak positions, peak 
intensities/peak areas, and relative intensity variations of the peaks in the region 
of 2800 cm'^-3QQQ cm'^ and 1000 cm'^ -1800 cm'^ are detected. 

5 10. The dedicated apparatus as described in claim 9, wherein for diagnosis 

of pathologic changes in the thyroid glands, the band widths, peak positions, peak 
intensities/peak areas, and relative intensity variations of the peaks in the region 
of 2800 cm'^-3000 cm"^ and 1400 cm"^ -1500 cm"'' are detected. 

10 11. The dedicated apparatus as described in claim 9. wherein for diagnosis 

of pathologic changes in the thyroid glands, the band widths, peak positions, peak 
intensities/peak areas, and relative intensity variations of the peaks in the region 
of 1200 cm'^-1580 cm~^ are detected. 

15 12. The dedicated apparatus as described in claim 1, wherein for diagnosis 

of pathologic changes in the parotid and submaxillary glands, the band widths, 
peak positions, peak intensities/peak areas, and relative intensity variations of the 
peaks in the region of 1000 cm"^-1800 cm"^ are detected. 

20 13. The dedicated apparatus as described in claim 12, wherein for 

diagnosis of pathologic changes in the parotid and submaxillary glands, the band 
widths, peak positions, peak intensities/peak areas, and relative intensity 

variations of the peaks in the region of 1200 cm'^-1580 cm"^ are detected. 

25 14. A method for diagnosing patholog i c changes i n human body tissues by 

d e t e cting v a r i ations i n structur e s of mo le cu le s of the organism t i ssu e s, compr i sing 
st e ps of: the properties and the degree of pathologic change of a gland tumor in a 
corresponding region bv detecting changes of molecular structure of human body 
surface tissue comprising of the following steps: 

30 s e tt i ng op e rat i ng param e t e rs of the apparatus, sa i d op e rating parameters 
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i nc l uding scanning rato, tho number of scann i ng, rogo l ut i on of tho apparatus and 
the range of spectrum; 

scann i ng th e a i r b a ckground to obta i n a background spectmm; 

cloaning th e body surfac e sk i n of a r e g i on to bo test e d by a l cohol and wat o r; 
5 p l ac i ng th e ATR probe in tight contact w i th tho skin of the reg i on to b e 

test e d aft e r th e alcoho l and th e wat e r vo l at il iz e out, and p e rform i ng test; 

scann i ng and r e cord i ng th e sk i n spectrum; 

automat i cal l y proc e ssing and analyzing th e r e su l t i ng sp e ctrum tog e th e r with 
normal and tumor sp e ctr a i n dat a b a s e ; and 
10 diagnos i ng wh e ther th e pathological changes of tissu e i s mal i gnant tumor or 

fiet rd) using the apparatus as described in claim 1, and selecting operation 
parameters of the apparatus for detecting the related glands; 

(2) cleaning and sterilizing the ATR probe and the skin of a human body 
surface to be tested; 

15 (3) switching on the apparatus, then scanning and recording a spectrum of 

air acguired by the ATR probe for use as a background spectrum; 

(4) placing the ATR probe on the skin surface of the region to be tested, the 

probe being in tight contact with the skin, then using the apparatus to scan and 

record a spectrum of the cleaned human body surface; 
20 (5) comparing the recorded spectrum with tumor data in a spectrum 

database to diagnose the properties and the degree of pathologic change of the 

gland tumor 

15. The method as described in claim 14, wherein the range of tho 
25 spectrum scanned is 800 ^000 cm' ^T 

for diagnosis of pathologic changes in the mammary glands, the band 
widths, peak positions, peak intensities/peak areas, and relative intensity 
variations of the peaks in the region of 1000 cm'^ -1800 cm'^ and 2800 cm"^-3000 
cm'"* are detected. 
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16. The method as clQ i m 1^, whoro i n tho rahgo of tho spoctrum scanned i s 
12QQ 1800 cm "^ Tdescribed in claim 15, wherein for diagnosis of pathologic 
changes in the mammary glands, the band widths, peak positions, peak 
intensities/peak areas, and relative intensity variations of the peaks in the region 

5 of 1400 cm'^ -1490 cm"^ are detected. 

17. The method as c l aim 14. wh e rein th e reso l ution i s 1 32 cm "^ Tdescribed 
in claim 16. wherein for diagnosis of pathologic changes in the mammary glands, 
variations in band widths, peak positions, peak intensities/peak areas of 1460 cm" 

10 ^ and 1400 cm'^ are detected. 

18. The method as described in claim 14, wherein th e resolution i s 4 or 8 

€m"^ Tfor diagnosis of pathologic changes in the thyroid glands, the band widths, 
peak positions, peak intensities/peak areas, and relative intensity variations of the 
15 peaks in the region of 2800 cm"'' -3000 cm'^ and 1000 cm"^ -1800 cm"^ are 
detected. 

19. The method as described in claim 18. wherein for diagnosis of 
pathologic changes in the thyroid glands, the band widths, peak positions, peak 

20 intensities/peak areas, and relative intensity variations of the peaks in the region 
of 2800 cm'^-3000 cm and 1400 cm"^ -1500 cm'^ are detected. 

20. The method as described in claim 19. wherein for diagnosis of 
pathologic changes in the thyroid glands, the band widths, peak positions, peak 

25 intensities/peak areas, and relative intensity variations of the peaks in the region 
of 1200 cm'^-1580 cm'^ are detected. 

21. The method as described in claim 14. wherein for diagnosis of 
pathologic changes in the parotid and submaxillary glands, the band widths, peak 

30 positions, peak intensities/peak areas, and relative intensity variations of the 

20 
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peaks in the region of 1000 cm'^-1800 cm'^ are detected 



22. The method as described in claim 21, wherein for diagnosis of 
pathologic changes in the parotid and submaxillary glands, the band widths, peak 

positions, peak intensities/peak areas, and relative intensity variations of the 
peaks in the region of 1200 cm"^-1580 cm'^ are detected. 
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ABSTRACT 

The invention relates to a non-invasive method to diagnose the changes of 
molecular stmctures of organism tissues from body surface and a dedicated 

5 apparatus. The apparatus is comprised of a Fourier Transform infrared 
spectrometer and a set of additional accessories. Said additional accessories 
include a mid-IR fiber optics sampling attachment, a fiber coupling part, and an 
infrared detector part. The detection method is comprised of placing the ATR 
probe of the dedicated apparatus on the skin surface of a region to be tested, and 

10 scanning more than one time in which the resolution of the apparatus is 1-32 cm"^ 
and the range of the spectrum is 800-4000 cm'\ It is possible to detect changes 
in molecular structures of living biological tissues in the early stages of cancer, 
and testees will not feel uncomfortable during testing. The method is easy to 
operate, quick, accurate, and it doesn't harm the body. 

15 



22 




I 

I 



2/6 



Fig. 3 



r 



"1 



Interferometer 



I 



ICi rcui t 


part 




1 








Infrared 


1 1 


detector 







o »- 
O CO 
Q. 



Fig.4 



10 

• 1 




3/6 



F i g. 5 



1 1 


1 1 




• 

Circuit part 


1 1 






• Interferometer 1 

1 1 




1 Infrared 1 
1 detector 1 

r 

' f i ber 

coup 1 i ng 
1 part 


1. . . . -1 
1 






V 1 



4/6 



Fig. 6 




Fig. 9 



5/6 



Fig. 10 



setting operating 
parameters of the apparatus 



scanning the air background to 
obtain a background spectrum 



cleaning the skin of a region to 
be tested by alcohol and water 



drying the skin of the region 
to be tested by blowing 



placing the ATR probe in tight contact 
with the skin of the region to be tested 



performing test, and scanning the skin spectrum, 
wherein the resolution is 4 or 8 cm"^ 



comparing the resulting spectrum 
with normal and tumor spectra in 
database and analyzing 



diagnose the pathologic change 
of the corresponding gland 
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